The largest galaxies, and in particular central galaxies in clusters, offer unique insight into understanding the mechanism for the growth of nuclear black holes. We present Hubble Space Telescope kinematics for NGC 1399, the central galaxy in Fornax. We find the best-fit model contains a black hole of (5.1 ± 0.7) × 10 8 M ⊙ (at a distance of 21.1 Mpc), a factor of over 2 below the correlation of black hole mass and velocity dispersion. We also find a dramatic signature for central tangential anisotropy. The velocity profiles on adjacent sides 0.5 ′′ away from the nucleus show strong bimodality, and the central spectrum shows a large drop in the dispersion. Both of these observations point to an orbital distribution that is tangentially biased. The best-fit orbital model suggests a ratio of the tangential to radial internal velocity dispersions of three. This ratio is the largest seen in any galaxy to date and will provide an important measure for the mode by which the central black hole has grown.
1. INTRODUCTION It is clear that the mass of the central black hole is related to its host galaxy in a fundamental way. Dressler (1989) , Kormendy (1993) , Kormendy & Richstone (1995) , and Magorrian (1998) were the first to highlight a correlation between the black hole mass and the bulge light. Subsequently, many other correlations have been found, with the tightest being that between black hole mass and velocity dispersion (Gebhardt et al. 2000 , Ferrarese & Merritt 2000 . Numerous theoretical models have been proposed to explain these correlations, and the most compelling to date are those that work through active galactic nucleus (AGN) feedback mechanisms (Silk & Rees 1998; Fabian 1999; Springel et al. 2005; Robertson et al. 2006) . To push further requires more secure observations. The problem is that the uncertainties in the black hole mass estimates are still large (around 30-50%) and, more importantly, the extremes of the correlations are not well explored. We have been targetting the largest galaxies in order to study their central black hole mass. There is only a handful of objects studied with velocity dispersions above 300 km s −1 . In this paper we study the giant elliptical NGC 1399, the dominant galaxy in the Fornax cluster. In addition to providing information on the upper end of black hole correlations, central galaxies in clusters offer unique insight. These galaxies are subject to significant accretion and mergers, and it is important to understand whether the black hole grows as the galaxy grows. Houghton et al. (2006) study NGC 1399 using adaptive optics observations on the VLT; they find a black hole mass of (1.2 ± 0.6) × 10 9 M ⊙ (for a distance of 19.9 Mpc). We find a black hole mass of (5.1 ± 0.7) × 10 8 M ⊙ (for a distance of 21.1 Mpc as used in Lauer et al. 2005) . While over a factor of two different, we are consistent within 1σ (the Houghton et al. result is only a 2σ significance for a black hole detection). Furthermore, we find similar results in terms of the central orbital structure. We use a distance of 21.1 Mpc to NGC 1399 from Tonry et al. (2001) , but scaled to H 0 =70 as in Lauer et al. 2005. 2. DATA 
HST Observations
The surface brightness profile comes from WFPC2 observations for Hubble Space Telescope (HST) programs GO-5990 and GO-8214 (PI: Grillmair). NGC 1399 was observed for 4000 s in F606W and for 5200 s in F450W, with the galaxy centered on the PC. The surface brightness, ellipticity, and color gradient profiles are shown in Fig 1. Due to NGC 1399 being nearly round, the position angle is very uncertain and we do not include discussion of it. The reductions are discussed by Lauer et al. (2005) . From its surface brightness profile, NGC 1399 is classified as a core galaxy with a break radius 3.2 ′′ and γ = 0.12 (approximately the central projected density slope), from a Nuker Law fit (Lauer et al. 2005) . For the surface brightness beyond the HST image, we use ground-based imaging from Saglia et al. (2000) . We match the ground-based R-band data to the HST surface brightness in the overlap region. Figure 1 shows a variation in the ellipticity inside of 0.3 ′′ . However, since the surface brightness is not steep in the central regions and the isophotes are nearly round, there are large uncertainties in the ellipticities. Thus, the variation could be due to noise and a constant ellipticity model provides nearly 1 identical residuals. In the models that follow, we use a constant ellipticity of 0.1, but the results do not change much when using an ellipticity of zero. This is also consistent with the surface brightness at larger radii. The position angle is 110
• (measured N to E), and we assume it to be constant. With both a constant PA and ellipticity, we deproject NGC 1399 as in Gebhardt et al. (1996) . This deprojection is used in the dynamical models. From the bottom panel in Fig. 1 , there is essentially no color gradient in NGC 1399. Thus, we use a constant mass-to-light ratio for the stellar potential. In addition, the color map is also constant as a function of position angle.
We have checked whether the isophotal centers change as a function of radius. This check is important for the discussion in Section 4. We find that the center from isophotes at 10 ′′ compared to that derived from the isophotes in the central regions is consistent to within 0.2 pixels, or better than 0.01 ′′ . Thus, there appears to be no deviation in the galaxy center. In addition, we find no evidence in the residual map (Lauer et al. 2005) for any second component. Houghton et al. (2006) see an elongation in the central 0.5 ′′ , suggesting a possible eccentric disk. We find no such structure in our images; furthermore, the HST images have been subsampled and deconvolved, giving a FWHM around 0.05 ′′ , better than the 0.078 ′′ as reported for the adaptive optics K-band image of Houghton et al. (2006) . Still, it is difficult to reconcile the differences; we attribute them to either different structure in K band versus the R band (however, this is unlikely) or an adaptive optics artifact. Higher signal-to-noise ratio (S/N) and repeat adaptive optics observations will likely help determine the cause.
The central surface brightness of NGC 1399 is V = 16.0 mag arcsec −2 , making it one of the faintest targets we have observed with HST/STIS (Pinkney et al. 2003) . For our previous observations, however, we have used a high-resolution grating centered on the Ca II triplet region at 8500 Å. This region is the best to use since it is not greatly influenced by stellar template mismatch and continuum estimation, as are the bluer regions (Barth et al. 2002) . However, the exposure times become prohibitive for targets fainter than V = 16.0 mag, since it typically requires exposure times of longer than 17 hours to obtain adequate signal. Complicating the kinematic estimate is that these large galaxies tend to have large black hole masses, and therefore large central dispersions. The dispersion of the central STIS pixel for NGC 4649 is over 600 km s −1 ; given the relatively small equivalent widths of the Ca II triplet lines, the large dispersion makes the lines almost disappear into the continuum. Our strategy for NGC 1399 is to use a lower resolution grating over the Ca II H&K region, where the lines remain clear even when the dispersion is that high (Dressler 1984) . and F606W. The spatial resolution is about 0.05 ′′ , so the two central points are within the resolution element; given the shallow gradient of NGC 1399, we expect the central two points to not be biased. There are large ellipticity changes inside of 1 ′′ , which is a result of the shallow gradient of the surface brightness and relatively low ellipticity.
We obtained 6.67 hours of observations on STIS (Woodgate et al. 1998 ) using the G430L grating with 52 × 0.2 ′′ slit align at 117
• (along the major axis, see Figure 3 of Lauer et al. 2005) . The wavelength range is 2880-5690 Å, with 2.746 Å per pixel. We binned on chip by two, providing 0.1 ′′ per pixel in the spatial direction. This setup gave us S/N ≈ 20 per pixel in the central regions, and the same S/N at a radius of 1.6
′′ by binning over 10 pixels (1.0 ′′ ). With the low spectral resolution and the wide slit, we have to pay special attention to the change in the instrumental resolution when observing a point source compared to observing a diffuse source. We observed three different template stars with this setup: HD141680 (a G8III star), HD165760 (G8III), and HD188056 (K3III). We stepped each star perpendicularly across the slit to monitor the change in velocity centroid. The goal was to create a template star that represents the actual surface brightness of the galaxy across the slit. Figure 2 shows Figure 3 plots the relative intensity variation across the slit. This intensity variation must be taken into account as well when creating a proper template; at the edges of either slit, there is almost a 50% drop in intensity compared to the center. As a first step, we need to know the actual spectral resolution for our setup and galaxy. Fortunately, for two of the stars, HD141680 and HD165760, high-resolution groundbased spectra exist over our spectral range (Leitherer et al. 1996) . Therefore, we can compare the high-resolution spectra with our spectra to obtain the instrumental resolution. Since our wavelength region of interest is 3900-4500 Å, we concentrate on this region only. We do this in three different ways to demonstrate the extremes of the results. First, before summing the stepped template, we remove the velocity shift across the slit which corresponds to a point source. In this case we find that the instrumental σ i = 207 km s −1 , which is roughly what we would expect given this setup. Second, we sum the light for the templates without removing the velocity shift. This case corresponds to a flat source across the slit, and here we find an instrumental σ i = 272 km s −1 . In the third case, we include the surface brightness profile for NGC 1399. There, the light at the edges drops by 20%, and we find an instrumental σ i = 275 km s −1 , consistent within the uncertainties with the flat profile. We can also use the lamp lines to get an estimate of the instrumental dispersion. For lines in this wavelength region, we measure an instrumental σ i = 298 km s −1 . However, in the regions of interest, finding isolated lines is difficult, and σ is somewhat overestimated; also, the lamp lines are a completely flat source unlike NGC 1399. Thus, we use 275 km s −1 as our instrumental σ i (implying a FHWM of 646 km s −1 ). Given the instrumental resolution of 275 km s −1 for this setup, it is difficult to obtain an accurate estimate of the galaxy dispersion if it is below this.
The spectra cover the range 2880-5690 Å; however, for the kinematics we use only the region 3850-4400 Å, covering the Ca II H&K lines and the G-band at 4300 Å. Below 3850 Å, the lines are weak and the continuum drops, making the S/N too low to be useful. The Mg region around 5100 Å still has good signal, but there are issues with template mismatch that are difficult to overcome. Since NGC 1399 has one of the largest dispersions, it will also have one of the largest equivalent widths for Mg, making it difficult to find templates that accurately reflect the galaxy. This is a longstanding problem, and the traditional method for handling this is to either fit the kinematics in Fourier space (which removes the equivalent width difference), or dilute the galaxy equivalent width by adding a constant to the continuum. Unfortunately, both of these seek to simply match the equivalent width, and any shape difference between the galaxy and the template may manifest itself by biasing the kinematics. We therefore choose to exclude the Mg region during the fits. Barth et al. (2002) find a similar result when comparing kinematic result from different spectral regions. 2 ′′ slit (top set of points) and across the 0.1 ′′ slit (bottom set of points). The overall velocity offset is arbitrary and has been set so that the two sets of points do not overlap. Each color corresponds to a different star, and each star was stepped two times across the slit. The slight velocity differences at a given spatial position are a function of both the accuracy in centroiding the velocity and the accuracy in pointing the telescope. The total velocity shift from end to end is as expected, given the 2.746 Å per pixel and 0.05 ′′ pixels. Figure 4 plots the spectra of the central pixel and at a radius of 0.8 ′′ for NGC 1399. The two obvious features are the Ca II H&K lines at 3900 Å and the G-band at 4300 Å. The template that we use is a result of the procedure described above. For each of the three template stars, we sum the light as it was stepped across the slit with a weight that corresponds to the light profile for NGC 1399. The fit to the galaxy spectrum then involves a convolution with a velocity profile and a linear com-bination of the three templates. We use the fit as described by Gebhardt et al. (2000) and Pinkney et al. (2003) , where we estimate a non-parametric line-of-sight velocity profile. The red lines in Figure 4 represents the best-fit velocity profiles convolved with the template. FIG . 4.-The central and radius=0.8 ′′ spectra for NGC 1399 (the two upper black lines) and the template convolved with the best-fit velocity profiles (the two red lines). The bottom spectrum is the template.
We then extract spectra at different spatial positions. The radii of the extractions (in arcseconds) are 0.0, 0.10, 0.20, 0.30, 0.46, 0.81, and 1.62. Figure 5 plots the first and second moments as a function of position along the slit. We have extracted the kinematics using both the maximum penalized likelihood and using a Fourier cross-correlation quotient technique (FCQ; Bender 1990 ). Both sets of points are shown in Figure 5 and the results are similar. There are a few positions where the differences are larger than statistical. For example, at +0.8 ′′ , we find significant differences in the dispersion measured between both techniques. This difference is understandable given the double-peaked nature of the line-of-sight velocity distribution (LOSVD) that we discuss in Section 3. When the LOSVD is not unimodal, the way in which the velocity centroid is measured can be very sensitive to fitting procedure. For those positions where the velocity profile is unimodal, the two techniques agree well. In Fig. 5 , we also include a symmetrized set of points (the red line). Since the galaxy models that we use are axisymmetric, in order to provide the highest S/N we symmetrize the fit to the velocity profile. Details of this symmetrization are given in Pinkney et al. (2003) . We use the symmetrized values in the dynamical models. (Bender 1990) . The red line is a symmetrized version of the kinematic measurements which are used in the dynamical modeling.
One sees a dramatic increase in the dispersion to about 500 km s −1 at 0.5 ′′ on both sides of the galaxy. The dispersion then drops toward the center to about 270 km s −1 , which is around the instrumental sigma. However, by just using the dispersion alone, one does not get the complete picture. At 0.5
′′ , the velocity profile shows a dramatic double peak. Figure  6 shows the velocity profiles as determined by a symmetrized fit to opposite sides of the galaxy at the labelled radii. As one moves to larger or smaller radii, the double-hump feature at r = 0.5 ′′ slowly goes away until one gets a nearly Gaussian profile. Furthermore, the double hump appears on both sides of the center at r = 0.5 ′′ . Thus, the feature appears to be robust. This feature and the drop in the dispersion toward the center suggest an orbital distribution strongly dominated by tangential orbits. If the orbital distribution consisted of stars only on circular orbits (but with random orientations), then as one gets closer to the center, the measured projected dispersion would drop to zero since all orbits would have no radial component. Obviously, a disk is one mechanism that would cause a drop in the central dispersion; but if the disk is seen edge-on, there would be an obvious signature in the rotation which is not seen. If the disk is face-on, it would be nearly impossible for that configuration to cause the double-humped nature seen in the LOSVDs. We are left to conclude that a stellar disk cannot be the cause for the central dispersion drop. However, one can also obtain a drop in the dispersion depending on the shape of the mass density profile. But given the double-humped nature of the velocity profile further out, it is likely that NGC 1399 is dominated by tangential orbits near the center. In fact, the dynamical models discussed below show the need for tangential orbits. discuss the signature of tangential orbits seen in other galaxies. Thus, it appears that the largest galaxies, and hence those with the flattest central density profiles, show the strongest amount of tangential bias in the orbital distribution, with NGC 1399 being an extreme example of this phenomenon.
Detailed inspections of the HST image and residual image (Lauer et al. 2005) show nothing at r = 0.5 ′′ . As stated previously, Houghton et al. (2006) find a flattened component in their adaptive optics K-band image, with a similar radial extent. Clearly, additional high-quality images would be worthwhile.
Ground-Based Spectra
There are ground-based spectra from two sources. Saglia et al. (2000) published detailed models of NGC 1399 based on long-slit data and include Gauss-Hermite polynomial expansion up to h4. Graham et al. (1998) also provide long-slit data with measures of the first two moments only. The comparison between the two datasets is excellent and there is little difference in which one is used for the dynamical models. However, Saglia et al. report additional information on the shape of the velocity profile (4 moments compared to the 2 moments of Graham et al.). Since part of our goal is to constrain the stellar orbital structure, it is better to use as much velocity profile shape information as possible. Thus, for the following analysis, we use only the Saglia et al. dataset.
DYNAMICAL MODELS
The dynamical models that we use are based on orbit superpositions. These are described in detail by , Thomas et al. (2004) , and Thomas et al. (2005) . We will therefore not discuss these models here, other than to provide our model parameters for NGC 1399. Complete discussions of similar models are also given by Cretton et al. (1999) , Verolme et al. (2002) , Valluri et al. (2004) , and Cappellari et al. (2006) .
The models that we use for NGC 1399 have 20 radial and 5 angular bins. Our orbit sampling has 20 energy bins, 40 angular momentum bins (in the z direction), and at least 15 bins for the third integral (see Thomas et al. 2005 for a full description of the orbit sampling). We only need to run models with one sign of angular momentum and then double the number of orbits by flipping the individual velocity profiles about zero velocity. The total number of orbits we have for each orbit library is around 10000. This orbit library is two times higher than we generally use. However, we see no difference in the results when using the smaller library.
The free parameters in the models are black hole mass, massto-light ratio profile, and inclination. We use an edge-on projection for the models shown below. Previous analysis shows that different projections have little effect on the black hole mass. Furthermore, since NGC 1399 is nearly round, one could even consider spherical models (as in Houghton et al. 2006) , which would minimize projection effects. Figure 7 plots the χ 2 versus black hole mass, marginalized over the mass-to-light ratio. There is a well-defined minimum and we exclude the zero black hole mass with a ∆χ 2 = 20 (or > 99%). Since we marginalize over mass-to-light ratio, our 1σ (68%) confidence limit corresponds to ∆χ 2 = 1.0. Thus, we find a best-fit black hole mass of (5.1 ± 0.7) × 10 8 M ⊙ (marginalized over M/L) and the best-fit M/L R of 5.2 ± 0.4 (marginalized over black hole mass). In Figure 8 we plot the two-dimensional χ 2 contours for black hole mass and mass-tolight ratio. FIG. 6 .-Line-of-sight velocity distributions from STIS. These LOSVDs are the fit to both sides of the galaxy at the specified radii; however, the LOSVD is flipped about the systemic velocity, for the opposite side (i.e., this uses the axisymmetric assumption). From 0.3 ′′ to 0.5 ′′ , the velocity profile becomes double-peaked, which is the reason for the increase in the measured second moment at this location in Fig. 5 . Figure 9 plots the comparison between the first four GaussHermite coefficients of the data and the models. This plot can only be used for a visual examination of how well the data are fitted, and a statistical evaluation requires comparison with ∆χ 2 , as inf Figs 7 and 8. Furthermore, the models are fitted using more information than shown in Fig. 9 since we fit the full LOSVDs as opposed to Gauss-Hermite coefficients. This fitting is especially important for NGC 1399 since the LOSVDs are significantly non-Gaussian. In Figure 9 we plot three models: our best-fit model, a model with no black hole, and a model with twice the best-fit mass (so at 10 9 M ⊙ ). The χ 2 difference of the two models compared to the best fitted model is 10-12. The black lines are from the best-fit model, the green line is for the no black hole case, and the blue line is for a mass that is twice the best-fit mass. The dynamical models are fitted to the LOSVDs directly, so the comparison with the GaussHermite is only to provide a visual inspection of how well we fit the data.
Using the integrated dispersion along the major axis out to an effective radius (from the Saglia et al. 2000 data) provides a dispersion of 337 km s −1 . The black hole mass in NGC 1399 is about a factor of 2.5 below that expected from the BH/σ correlation.
The strong tangential anisotropy seen in NGC 1399 is among the most extreme seen in any galaxy to date. It is already clear in Fig. 5 that tangential orbits dominate, but we also have a measure from the dynamical models. Fig. 10 plots the radial to tangential dispersions as a function of radius for all position angles in the galaxy. From radii 0.1 ′′ -0.5 ′′ , the model becomes highly tangential, with the ratio of the internal dispersions of the radial and tangential components σ r /σ t around 0.3. We can compare the NGC 1399 orbital structure to those presented in . There are many galaxies that have this amount of tangential anisotropy in the central region, but none have such a large radial extent. In fact, NGC 1399 is unique in that the central bin is isotropic-which is rare in the Gebhardt et al. sample-but then quickly becomes tangential outside the center.
There is important information from the position angles where we do not have data. Even though there are no kinematic constraints there, these offset axes have an effect in projec-tion on the major-axis kinematics, in particular near the center. Thus, there are indirect kinematic constraints. Fig. 10 shows that the orbital structure along these offset axes show a structure very similar to that along the major axis. FIG. 10. -Ratio of the radial to tangential second moment of the velocity distribution for the best-fit BH model (top) and the zero BH model (bottom). The solid line is along the major axis, for which we have data. The dotted lines are along the other four position angles in the model, for which we do not have data. We have defined σt = q (σ 2 θ + σ 2 φ )/2, where θ and φ are the standard spherical coordinates. Our best-fit model is the top panel. The solid red line is the ratio from Houghton et al. (2006) for their best-fit model with a black hole of 1.2 × 10 9 M ⊙ . Houghton et al. (2006) find similar results for the orbital structure. Their ratio of radial to tangential dispersions is plotted as the red line in Fig. 10 . In both panels, we only plot the ratio for their best-fit model, which has a black hole of 1.2 × 10 9 M ⊙ . While they do not find the extreme amount of tangential anisotropy that we find for our best-fit model, the trend is very similar. Given the better spatial information for the kinematics in our data, it is not a surprise that we find a stronger change in the anisotropy.
UNCERTAINTIES FROM THE ORBIT-BASED MODELS
For NGC 1399, we measure the black hole mass with 14% accuracy. Houghton et al. (2006) present dynamical models for NGC 1399 based on kinematics obtained on the VLT with adaptive optics. Using orbit-superposition models, they find a black hole mass of 1.2(+0.5, −0.6) × 10 9 M ⊙ , a 50% accuracy. They also find strong tangentially biased orbits in the central regions, which is very similar to what we find (as plotted in Fig. 9 ). Statistically, there is no concern since the two black hole masses are different by only 1σ. In fact, the Houghton et al. mass is consistent with zero at 2σ, so any black hole mass that we measure would be consistent. The question, however, is why we provide an uncertainty that is nearly ten times smaller than what they find. The answer is most likely a combination of the data quality and differences in the dynamical modeling, which we describe below.
A similar comparison of the uncertainties can be made for other galaxies with black hole mass estimates. The published uncertainties range from 10% to over 50% (e.g., Tremaine et al. 2002) , with most of these based on orbit-based models from two groups (the Nuker and the Leiden groups). However, Valluri et al. (2004) and Houghton et al. (2006) both use orbit-based models and find substantially larger uncertainties for the particular galaxies they model. Some of this is due to the data that is being used but part of it is in the details of the dynamical models. The most rigorous tests for recovery of the black hole mass and uncertainties is in Siopis et al. (2007) , where they find that when using proper observational uncertainties, the orbit-based models provide robust estimate of the black hole mass and the uncertainties (also shown in Gebhardt 2003). As an example, one can compare the black hole mass uncertainty for two of the best measured stellar dynamical cases, our Galaxy and M32. Summarized in Ghez et al. (2005) and Schodel et al. (2003) , the black hole mass in our Galaxy is known to 3-6%, just over a factor of two better than what we find in NGC 1399. Even though the Galaxy black hole is significantly more spatially-resolved compared to NGC 1399, the uncertainty is driven by the small number of stars with either radial velocities or proper motions, whereas the signal-to-noise of the central NGC 1399 is high enough that the uncertainty is driven mainly by the spatial resolution. Thus, the relative accuracy of the black hole masses is consistent. For M32, Verolme et al. (2002) measure the black hole mass to 20% accuracy for three degrees of freedom, and about 10% when using similar statistics as used for NGC 1399 (one degree of freedom and marginalizing over the other parameters). Given the relative distances, black hole masses and velocity dispersions, the onsky black hole sphere of influence in M32 is about 2× smaller than in NGC 1399. Thus, the relative accuracies of the black hole masses in this case is consistent as well.
However, there is a significant inconsistency with the uncertainty measured here and in Houghton et al. (2006) for NGC 1399. For our observations, the point spread function (PSF) of STIS is well represented by an Airy function with most of the power in a single Gaussian with FWHM=0.07 ′′ . Our central spectral element for NGC 1399 is a 0.2 × 0.1 ′′ box. The PSF of the AO data from Houghton et al. is complicated and they represent it as a double Gaussian, with a strehl ratio of 30% and FHWM=0.15 ′′ . Furthermore, their PSF is simulated since the star they use to provide the AO correction is 18 ′′ away from the center of NGC 1399, but this is probably only adds a small additional uncertainty on the PSF. Their slit is 0.17 ′′ wide. Convolving both central spectral elements with the PSF shows that the STIS data is about 50% better than the AO data in terms of spatial resolution. However, the main difference is due to the low strehl ratio of the AO data. Since NGC 1399 has a relatively flat core, the 30% strehl causes light from larger radii to have a significant contribution to the central spectral element. This effect is taken into account in their modelling. Given the better PSF and strehl of STIS, the uncertainties on the black hole are better by an appreciable amount. The other main observational difference is the spectral range. The STIS data uses the H+K and G-band regions, and Houghton et al. use the CO-bandhead at 2.3 µm. Silge & Gebhardt (2003) show the complication that arise when using the bandhead and that the main effect is to limit the accuracy of the LOSVD. Whether this effect is part of the difference in the black hole accuracy is difficult to ascertain, but could potentially be important.
The other important difference is the approach of the dynamical models. We both use orbit-based models, but we fit the LOSVD bins and they fit basis functions as a representation of the LOSVD. The advantage of the basis function is that they are mathematically uncorrelated, and the LOSVD bins are correlated. This may have some effect on the uncertainties as discussed in Magorrian (2006) . The correlation of the LOSVD bins-and the similar correlation of Gaussian-Hermite polynomial coefficients-would effect all black hole mass uncertainties from stellar dynamics that have been published. However, find that the uncertainties estimated from the orbit-based models are accurate, based on bootstrap simulations. Given the intrinsic scatter in black hole mass correlations to host properties is close to zero, increasing the mass uncertainties will push the intrinsic scatter to yet smaller values. For NGC 1399, the differences in data quality appear to be responsible for the difference in black hole mass uncertainty. However, resolution of this difference in the modeling approach will likely require a re-analysis of some of the data and models.
5. DISCUSSION We have carefully examined the morphology around the radius where the tangential orbits dominate, but we find no obvious feature. There are no changes in the surface brightness profile, the color profile, and the ellipticity profile. A possible explanation for the tangential orbits could have been a torus of material, as has been proposed to explain hollow core galaxies (Lauer et al. 2002) . A torus would also manifest itself in the orbital structure in the offset axes. Since the orbital structure appears to be similar along all position angles, we argue that the tangential structure is independent of angle. Furthermore, there is no net streaming motion measured in the LOSVD, which argues that a disk is not the explanation. More likely, the cause could simply be a lack of radial orbits or an enhancement of tangential orbits.
Using an integrated velocity dispersion of 337 km s −1 , the black hole mass in NGC 1399 is a factor of 2.5 below that expected from the BH/σ correlation, and a factor of 2.0 below that expected from the correlation with luminosity (Lauer et al. 2007 ). Saglia et al. (2000) , with much worse spatial resolution, find an upper limit on the black hole mass that is consistent with our mass. It is possible that the tangential orbits and the low black hole mass are related. NGC 1399 does inhabit a special environment by being at the center of the Fornax cluster. Whether more frequent accretion and mergers play a role in shaping its black hole mass is unknown, and it would be worthwhile to test whether binary black hole interactions could cause both the tangential orbits and relatively low black hole mass. However, the low black hole mass could reflect the intrinsic scatter in the BH/σ correlation, with NGC 1399 being near the bottom edge of the observed scatter.
A possible scenario is to have a stellar cluster fall into NGC 1399 on essentially a purely radial orbit. In this case the cluster hits the black hole head-on and an equal number of stars pass to one side and the other side, causing no net rotation. However, this would cause there to be a preferred axis for the tangential orbits, and we see it independent of angle. If, however, the stellar cluster is quite large (i.e., around the size of the region of tangential anisotropy), then the stars should distribute themselves in a spherical pattern. Those stars that get near to the black hole -the ones on radial orbits -tend to be ejected or accreted, leaving dominance of tangential orbits. However, the extreme amount of tangential orbits in NGC 1399 needs to be compared to a detailed simulation.
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